Abstract -Introduction. Canada is an important avocado importer from Mexico. For most of the harvest season, fruit reach adequate pulp dry matter content, ripen properly and, consequently, quality and shelf life are excellent. However, after January, fruit dry matter content increases and blackened skin occurs. Shipments to Canada containing blackened fruit are rejected because this characteristic is wrongly associated with low pulp firmness and short shelf life. The objective of our research was to determine the effect of harvest time and ripening degree on initial quality and shelf life of Hass avocado. Materials and methods. Fruit were harvested from October 2007 to April 2008, and grouped into five ripening categories according to the degree of blackened skin. Fruit were then refrigerated for 7 d to simulate shipment to Canada. Thereafter, fruit were stored under simulated market conditions until they reached the edible ripening stage. Dry matter content was calculated only at the beginning of the storage period while quantification of weight loss, fruit with blackened skin, pulp firmness, and pulp color was done at the beginning of the storage period, at the end of the refrigeration period, and every three days during market conditions. Results and discussion. Dry matter content, skin color and pulp hue angle significantly increased with harvest date and ripening degree. Weight loss decreased with harvest date but increased with ripening degree, while firmness was affected by harvest date but was not associated with ripening degree. Conclusion. There is no reason to reject or downgrade blackened fruit, since quality and shelf life are not affected.
Introduction
Mexico is the main exporter of Hass avocado in the world. Fruit exports increased from 135,872 t during 2004 to 310,260 t in 2007 1 . According to the Mexican Avocado Growers and Packers Association 2 , this increase is the result of improved fruit quality due to better cultural practices used to grow the crop and packing methods which have opened new market niches throughout the USA. About 90% of total avocado production in Mexico occurs in the state of Michoacan. The main importer countries of Mexican avocado are the USA, Japan, the European Union and Canada.
The different bloom flushes and their overlapping between different altitude zones in Michoacan make it possible to harvest Hass avocados all year round. However, the most important commercial harvest season for Hass avocado extends from September to late April [1] . Avocado fruit harvested early in the season often do not reach the minimum pulp dry matter content market criteria (i.e., legal maturity of 21.5%). Lower fruit dry matter is associated with irregular ripening (immature fruit become watery, rubbery, flavorless, shriveled and blackened), and reduced shelf life [2] . Fruit harvested from mid-October to early January reach adequate dry matter content (> 21.5%) and, consequently, ripen properly and have an excellent shelf life. Fruit harvested after midJanuary attain high dry matter content (> 28%), thus meeting legal maturity standards; however, fruit also develop blackness of the skin during this period. Preliminary results indicated that a higher degree of skin blackening was associated with less pulp firmness at packing time and that further studies with several harvest dates throughout the harvest season were needed to determine how skin blackening might influence Hass avocado shelf life [3] .
The color change in Hass avocado from green to purple/black as fruit ripen is an important ripeness indicator for both industry and consumers. This color change results from an initial decrease in chlorophyll content, followed by an increase in the anthocyanin cyanidin 3-O-glucoside [4] . Unlike other fruit crop species, avocado fruit will not mature and ripen while on the tree but several days after being harvested [5] ; a desired trait as it allows growers to delay harvesting if market prices are not acceptable [6] . Research has shown that the longer the fruit remain on the tree, the pulp oil and dry matter contents as well as the degree of blackened skin become higher [7, 8] . Latepicked fruit reach maturity faster than those harvested at legal maturity [9] . In Michoacan, about 80% of the avocado orchards are located at an altitude ranging between (1600 and 2200) m above sea level and trees have up to four flowering flushes, making Hass avocado available all year round [10] . Recently, Hass avocado shipments to Canada containing fruit with blackened skin have been rejected because this characteristic is wrongly associated with low pulp firmness and short shelf life by consumers. This situation prompted the authors to conduct the research described herein in order to assess the effect of harvest time and ripening degree on quality traits and shelf life of Hass avocado.
Materials and methods
Our study was carried out in Michoacan, Mexico. Fruit were collected in October and December 2007 and from January to April 2008, at the 'Moribito' and 'Providencia' packinghouses. Fruit were grouped into five ripening categories according to the degree of blackened skin: 1 = fully green, 2 ≤ 25% blackened skin, 3 = 26-50% blackened skin, 4 = 51-75% blackened skin and 5 > 75% blackened skin (figure 1).
Fruit were refrigerated inside a cold storage room [(6 ± 1) ºC; (90 ± 5)% RH] for 7 d to simulate terrestrial shipment to Canada. After this period, fruit were stored under simulated market conditions [(22 ± 2) ºC; (75 ± 10)% RH] until they reached the edible ripening stage [skin fully black and pulp firmness between (5 and 15) N].
Pulp dry matter content was calculated at the beginning of the simulation of terrestrial shipment while weight loss, fruit with blackened skin, pulp firmness and pulp color were determined at the beginning of the simulation of terrestrial shipment, at the end of the refrigeration period, and every three days during market conditions. Dry matter was determined by cutting 10 g of pulp longitudinally into thin slices using a potato peeler. The slices were taken from the middle of the fleshy portion to ensure uniform oil content [11] . Slices were placed in glass Petri dishes and dried in a microwave oven for 6-10 min until constant weight [12] . The percent dry matter content was calculated as [(dry weight / fresh weight) × 100]. Weight loss was determined by weighing 10 fruits using an analytical digital balance (Acculab VI-4800) with an accuracy of 0.1 g. The difference in weight with respect to initial weight was expressed as weight loss.
Blackened fruit were determined in the same lot of fruit used to obtain weight loss. A fruit was considered black when its skin changed color from green to fully black. Firmness was measured using a DFE-050 Chatillon penetrometer (Ametek Instruments, Largo, FL, U.S.A.) with a 10-mm diameter head. A portion of the skin of approximately 5 mm was removed in the equatorial region of each fruit to expose the pulp and the probe was inserted at about 4 mm depth at a speed of 180 mm·min -1 .
Firmness was expressed in Newtons (N).
Pulp color was determined using a CR 10 portable color reader (Konica Minolta Sensing Inc., Japan) reporting as hue angle.
For dry matter, weight loss and blackened fruit determination, the sample consisted of 10 fruits for each harvest date and ripening degree category, while, for firmness and pulp color, six fruits were used.
The treatment design was a (6 × 5) factorial in a completely random design [13] where the factors were harvest date and ripening degree categories. Analysis of variance was conducted using the GLM procedure of SAS [14] . Means separation was performed using the Waller-Duncan procedure at P ≤ 0.05.
Results and discussion

Pulp dry matter
Pulp dry matter increased with harvest date and degree of blackened skin ( 
Weight loss
Weight loss decreased significantly (P < 0.05) with harvest date but increased concomitantly with ripening category (table II) . In October, average weight loss was 7.1% and then declined until reaching 3.9% in April. This response could be the result of fruit having low dry matter content (20.5%) early in the season. Regardless of harvest date, in general, weight loss was significantly higher in ripening categories 3, 4 and 5 than in categories 1 or 2. The higher weight loss in fruit with more blackened skin could be attributed to those fruit having higher metabolic activity than less mature fruit. Erickson et al. [15] stated that mature fruit showed a peak respiratory rate 80 h after harvest, while green fruit reached the peak 5 d after being harvested.
Blackened fruits and pulp firmness
The degree of blackened skin and pulp firmness are the most important indicators to determine that a Hass avocado fruit is ready for consumption. The fruit becomes 
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completely black due to an initial decrease in chlorophyll content followed by an increase in anthocyanin content [4] and loss of firmness as a result of a marked climacteric rise in respiration after harvest [16] . Our results showed that, in general, the percentage of blackened skin and loss of firmness of Hass avocado fruit was not affected by the ripening category of harvested fruit (tables III, IV). These results demonstrate that the degree of blackened skin was not associated with a corresponding decrease in pulp firmness, as reported previously [3] . Therefore, there is no reason for retailers to reject or downgrade fruit with blackened skin, since fruit quality and shelf life were not affected by this factor.
Pulp color
Harvest date and degree of blackened skin significantly affected (P < 0.05) pulp color ( figure 2) . Regarding the effect of harvest date, two color groups were differentiated: 
Conclusions
-Pulp dry matter content increased with harvest date and degree of blackened skin. J.A. Osuna-García et al.
-Weight loss decreased significantly with harvest date but increased with degree of blackened skin. Ripening degree categories 3, 4 and 5 (fruit with > 25% of blackened skin) had higher weight losses than categories 1 or 2 (fruit with ≤ 25% of blackened skin).
-Harvest date had a significant effect on pulp firmness but the degree of blackened skin was not associated with a decrease in pulp firmness.
-The data showed that there is no reason to reject or downgrade fruit with blackened skin, since fruit quality and shelf life were not affected by harvest time and ripening degree.
